Caesarean section is associated with weaker newborn suction pressure. This nonblinded, randomized trial explored the effect of suction pressures generating by a breast pump on mothers' onset of lactation and milk supply after caesarean section. A high pressure group (−150 mmHg), a low pressure group (−100 mmHg), and a control group (none) were generated under computer random assignment with concealed allocation in 2 tertiary hospitals. The breast pumping began within 2 hr after caesarean operation (6 times a day and 30 min per time) until onset of lactation.
| INTRODUCTION
Lactogenesis Stage II, defining as the initiation of copious milk production, normally begins at 36-72 hr postpartum (Neville et al., 1988) at the trigger of a drop in progesterone after placenta separation. It acts as the mediator of successful breastfeeding (Zhu, Hao, Jiang, Huang, & Tao, 2013) . However, this physiologic phenomenon may be affected by numerous factors including early suckling (Nommsen-Rivers, Chantry, Peerson, Cohen, & Dewey, 2010) , parity, delivery mode (Dewey, Nommsen-Rivers, Heinig, & Cohen, 2003) , maternal age (Nommsen-Rivers, Dolan, & Huang, 2012) , maternal body mass index (BMI; Dewey et al., 2003; Nommsen-Rivers et al., 2012) , and endocrine status (Nommsen-Rivers et al., 2012) . Delayed onset of lactation (OL; >72 hr postpartum) has been proved to be a predictor of early cessation of breastfeeding (Hruschka, Sellen, Stein, & Martorell, 2003; Liu et al., 2013) .
Caesarean section is associated with early cessation of exclusive breastfeeding (Yeneabat, Belachew, & Haile, 2014) and breastfeeding (Hobbs, Mannion, McDonald, Brockway, & Tough, 2016) . It has become a public health concern due to its 30% unexpected global rate (Souza et al., 2016) . And this number has reached to 60% in some areas of China (Bogg, Huang, Long, Shen, & Hemminki, 2010) .
The influence of caesarean section mainly appears in the early stage of breastfeeding (Prior et al., 2012) , presenting delayed initiation of first suckling (Perez-Rios, Ramos-Valencia, & Ortiz, 2008) , decreased breastfeeding frequency (Woods et al., 2012) , shortened suckling duration, and insufficient milk production (Lin, Lee, Yang, & Gau, 2011) .
A prior study implied that infant suction pressure was the major force driving the milk out of the breasts (Geddes, Kent, Mitoulas, & Hartmann, 2008) . Healthy full-term infants after caesarean section display more anterior tongue movement, faster suck rates, and lower neurobehavioral scores compared with those after normal vaginal delivery, suggesting that sucking may have been affected by the caesarean birth and then caused a delayed OL (Sakalidis, Williams, et al., 2013) . Our previous research discovered that caesarean infants had a weaker suction pressure compared with that of the vaginally born. The suction pressure of normal vaginally delivery infants was −19.89 kpa (−149.18 mmHg), whereas it was −13.42 kpa (−100.65 mmHg) for those after caesarean birth . Multivariate regression showed that the decreased suction pressure was related to the delayed OL and insufficient milk supply after controlling for maternal gestational weight gain, delivery mode, time to first breastfeeding, breastfeeding duration, frequency of giving formula, cracked nipple, and prolactin (PRL) level .
Therefore, we speculate that, for the caesarean parturient, an increased suction pressure (to the level of vaginally born newborns' suction) stimulus on breasts could promote mothers' OL and milk supply. Because of the impossibility to manipulate the strength, frequency, and duration of infant suction, the electric breast pump is applied as a research tool to provide additional breast stimulation.
This study explores the effect of suction pressures generating by a breast pump on mothers' OL and milk supply after caesarean section.
| METHOD

| Study design and participants
This research was a multicentre, nonblinded, and randomized grouping design with a convenience sample. It was carried out in the Affiliated Hospital of Nantong University and Maternal and Children Health Care Service Hospital. The number of newborns delivered in these two hospitals accounts for over 50% of the total births in Nantong City. They are baby-friendly hospitals with obstetric rooming-in wards. To avoid any contamination between the experimental group and control group, only the single-room departments were selected. Therefore, selective bias may occur.
The protocol was approved by Ethics Committee of both Nantong University (2014-068) and Fudan University (201503-1) and registered on the Chinese Clinical Trial Registry (no. ChiCTR-IOR-14005321).
Verbal and written information regarding the aims, procedures, potential risks, and benefits was introduced to all participants who have been informed about the freedom to withdraw from this study at any time without declaring any reason. Written informed consent was obtained from each participant before enrolment.
We recruited single-birth primipara aged from 20 to younger than 35 years old. Woman gave birth by caesarean section and had stable vital signs. The parturient was willing to breastfeed her baby on breast and stay in hospital for at least 4 days postpartum. Infant criteria were healthy full-term newborn with an Apgar score ≥8. The exclusion criteria were (a) parturient who was receiving other lactation promotion programs; (b) parturient who was not suggested to breastfeed due to physical or mental problems; (c) any other condition that may impede successful breastfeeding or lactation, such as mammary dysplasia, breast surgery/injury, hypothyroidism, hypopituitarism, polycystic ovarian syndrome, ovarian theca-lutein cyst, gestational diabetes mellitus, diabetes, hypertension, pregnancy-induced hypertension, placenta implantation, amniotic fluid embolism, or postpartum haemorrhage; (d) mother-infant separation immediately after delivery; (e) maternal smoking; and (8) pre-pregnant BMI >27 kg/m 2 (obesity).
Recruitment was from August 2015 to February 2016 until the target sample size was achieved.
| Randomization and masking
A simple randomization was conducted on the basis of the computergenerated random numbers. Group numbers were sealed into the nontransparent envelopes kept by an assigned personnel. The grouping was concealed to participant, clinical staff, and research nurses until the entry of study object. Because of the nature of intervention, the masking could no longer be applied after allocation.
Parturients were randomly divided into three groups on the basis of suction pressures of breast pump. (a) High pressure group. The pumping pressure was −150 mmHg (equal to the suction pressure of normal vaginally delivered infant . (b) Low pressure group. The pumping pressure was −100 mmHg (equal to the suction pressure of caesarean infant .
(c) Control group. There was no suction stimulation before OL. Low pressure group was to control the effect of increased suction frequency and duration caused by breast pumping. Control group presented the status without additional suction frequency, duration, and pressure.
| Procedures
The first breast pumping started within 2 hr after caesarean section.
Hospital-level electric breast pumps (CoreMed HLX-1, FutureMed
Medical Devices Co., Ltd., Shanghai, China) were adopted. The cycling rate is 60 cycles/min with a sucking-releasing-stopping action in each
Key Messages
• Cesarean section is associated with weaker newborn suction pressure.
• This study evaluates the effectiveness of suction pressure on the onset of lactation and milk supply among women after Cesarean section.
• Infants' weakened suction pressure is one reason that leads to delayed onset of lactation. A higher pumping pressure can advance the timing of onset of lactation, increase milk supply and enhance mothers' satisfaction in lactation among women after Cesarean section.
cycle. A single breast pumping mode was used to simulate single infant suckling. The pressure was precisely set using a pressure sensor (TCT-1202; Lenosensor Co., Ltd, Beijing, China) and marked with a label (Figure 1 ) before. Breast pumping was regulated upward from 0 mmHg and rose slowly to target pressure within 3-5 min (−150 mmHg for the high pressure group and −100 mmHg for the low pressure group), then maintained for 30 min on breasts (15 min each). Considering the blood clearance of PRL (Nunley et al., 1991) , an optimum frequency of every 3 hr was designed. However, to avoid sleeping disruption at night, the protocol was adjusted to every 3 hr in daytime and 4-6 hr in nighttime. Mothers were not allowed to regulate the suction pressure. We down-regulated the pressure or terminate the pumping when mother felt pain or uncomfortable. Infants have priority to breastfeed at any point. The pumping can be applied before, after, or independent of breastfeeding episode. The expressed colostrum was fed to infant with spoon.
No breast pump was given to mothers in the control group before OL. If newborns were transferred to Newborn Intensive Care Unit after enrolment, their mothers were asked to pump the milk every 3 hr according to breastfeeding guideline even they were assigned in the control group.
All participants in the three groups received the same assistance including positioning, latch-on, and breastfeeding technique. All infants were breastfed on demand and breastfed at breast directly.
After OL, the electric breast pump was available to all participants in case of galactostasis for ethic consideration. The maximum comfort-FIGURE 2 Flow chart of participants from eligibility to data analysis. CS = caesarean; ITT = intention-to-treat; PP = per-protocol The research nurse recorded once a day.
Stopping rule was a greater than 20% occurrence of nipple injuries in any pumping group.
| Outcomes
The primary outcomes were OL, milk supply, maternal PRL level, mother's satisfaction in lactation, and feeding methods. (a) The timing of OL refers to hours from the newborn birth to OL. Beginning at 24 hr after delivery and continuing every 4 hr until OL, mothers were questioned regarding if and when they noticed a sudden feeling of fullness in their breasts to confirm the OL (Parker, Sullivan, Krueger, Kelechi, & Mueller, 2012; (Hruschka et al., 2003) . Initially and finally, mothers' breasts were emptied by either newborn or breast pump with assistance of a specialist nurse. The baby was breastfed on demand. In case of mother-infant separation, the breast pump was used for 30 min every 3 hr to get the milk. All the milk sucked by infant or breast pump was calculated as a total 8-hr milk supply except for that of the beginning at 8:00 a.m. (c)
Prolactin (PRL). Blood sample of puerpera was collected 24 hr after birth when the breast has experienced several episodes of pumping stimulus. was applied for measurement.
Additionally, demographic information was collected via a faceto-face interview. Prenatal, delivery, and postnatal data were gathered through medical records. Breastfeeding data, such as time to first breastfeeding, time of first breastfeeding, newborn sucking duration, and formula volume, were recorded by our trained staff nurse on Note. BMI = body mass index; CSE = combined spinal-epidural analgesia; LCS = laboured caesarean section (caesarean after trial of vaginal delivery or with signs of labour); PCEA = patient controlled epidural analgesia; PCIA = patient controlled intravenous analgesia; UCS = unlabored caesarean section (caesarean without signs of labour).
the basis of mothers' report 2-3 times every shift during hospitalization. After discharge, it was gathered by our research nurse through telephone interview on the basis of the previous 24-hr feeding data.
The use of pump (including the pressure and frequency) was monitored by research nurse in both the control group and two pumping groups within the hospitalization period. Newborn suction pressure
was measured with a pressure sensor connected to a tube placed alongside the nipple during breastfeeding . The infant's breastfeeding behaviour was evaluated using Infant Breastfeeding Assessment Tool, including arousal, rooting, time to latch and feed well (fixing), and suckling effectiveness (Huang et al., 2009 ).
| Sample size
On the basis of our previous study , the timing of OL for caesarean women is 68 hr with a standard deviation of 15 hr. We expect this time to be advanced to 55 hr with the high pressure pumping and 62 hr with the low pressure pumping according to our preliminary study. Two-sided level of significance of 0.05 and power of 0.9 were set. Factoring in a 30% increase in sample size to account for any dropout, 53 subjects were estimated to be needed in each group.
| Statistical analysis
Two persons were engaged in data entry separately. The input errors were checked by Epidata 3.1. The statistical analysis was made by Stata 14.0. Continuous data such as timing of OL, milk supply, scores of H&H Lactation Scale, PRL increment (Log-transformed data), nipple pain, maternal fatigue score, and pressure of breast pumping after OL were expressed as means and standard deviations and analysed by analysis of variance followed with least significant difference method.
Non-parametric test was carried out for nonnormally distributed data expressing with median (interquartile range), such as changes of systolic pressure, diastolic pressure, and heart rate, hours of motherinfant separation, and frequency of pumping after OL. Chi-squared test was adopted for dichotomous data, such as cracked nipple and breast pump usage after OL. PRL levels were analysed as log-transformed data due to skewed distribution. For missing data imputation (n = 6, 3.66%; Hollis & Campbell, 1999) , the last observed response method was adopted for repeated measure data (feeding methods and H&H Lactation Scale), and the group average method was used for data of milk supply and timing of OL.
We carried out both intention-to-treat (ITT) analysis and perprotocol (PP) analysis (Hollis & Campbell, 1999) . For ITT analysis,
we compared data of all enrolled subjects (n = 164) in groups to which they were originally randomly assigned regardless of whether they actually satisfied the entry criteria, the treatment actually received, and subsequent withdrawal or deviation from the protocol.
During PP analysis (n = 148), we removed all those disqualified data (n = 16). Allowing for the uncontrolled pumping pressures after OL, we conducted covariance analysis for adjusted milk supply comparison. Multivariate analysis of variance of repeated measuring was adopted for examining the differences in H&H Lactation Scale and feeding methods. Mother-infant separation, Mdn (Q), hr 2.5 (2-3) 2 (1.5-3) 2.5(2-3) 0.89 .641
Note. EPDS = Edinburgh Postnatal Depression Scale; IBAT, Infant Breastfeeding Assessment Tool; Mdn = median; Q = interquartile range; OL = onset of lactation.
| RESULTS
The number of participants from eligibility to data analysis was shown in Among the 164 mothers enrolled, 16 (9.76%) deviated from the protocol (suction pressure, frequency, and withdraw) because of ineffectiveness, nipple pain, maternal fatigue, no demand, others suggestion, and ethical consideration. Therefore, 148 subjects were included in PP analysis.
Before OL, there were totally 15.23 times and 449 min duration of breast pumping for the high pressure group. There was no statistical difference in suction duration and frequency between the high pressure group and low pressure group. Protocol adherence was 89.29%, 87.27%, and 94.34%, respectively (Table 1) .
After OL, four newborns were transferred to neonatology department. Their mothers' milk supply was gained by breast pump. Additionally, we achieved two mothers' milk output by home visit and one by self-reported breast pump suction because of their earlier hospital discharge. Those may skew the result.
Initially, there was no difference in demographic characteristics (Table 2 -1), gestational and delivery information (Table 2 -2), and breastfeeding related data (Table 2-3) of mother-infant dyads among three groups until 1 month after delivery (Table 2-4) .
By ITT analysis, the timing of OL after −150 mmHg pumping was 6.82 hr ahead of those using −100 mmHg (p = .045). Milk output increased statistically on the fourth day after the −150 mmHg suction pressure stimulation. Additional suction frequency and duration achieved an earlier OL, whereas no statistical difference existed in milk supply between the low pressure group and control group. When controlling the pumping pressures after OL, the result of milk supply kept consistent with the unadjusted. PRL increment varied with the pumping pressure. Covariance analysis verified the above results of the timing of OL, PRL level, and milk supply after controlling for demographic characteristics including maternal age, BMI gain, gestational age, and newborn birth weight (Table 3-1) . Mothers in two pumping groups seemed to be more satisfied with their lactation at discharge, and the group difference became significant at 1 month after delivery.
Likewise, the results by PP analysis were consistent with those by ITT analysis (Table 3 -2).
As shown in Table 4 , early breast pumping within 2 hr after caesarean section did not affect women's systolic pressure, diastolic pressure, and heart rate. However, suction at −150 mmHg led to a slight increase in nipple pain (p = .165) and occurrence of cracked nipples Note. IBAT is a scale for infant breastfeeding behaviour assessment with a total maximum score of 12, which included arousal, rooting, time to latch and fixing, and suckling effectiveness. EPDS = Edinburgh Postnatal Depression Scale; IBAT = Infant Breastfeeding Assessment Tool; Mdn = median; Q = interquartile range. a 16 cases of data were missing (6 in high pressure group, 7 in low pressure group, and 3 in control group).
(58.93% vs. 54.55% vs. 50.98%, p = .710) though statistical significance was not achieved. Meanwhile, additional pumping resulted in a higher maternal fatigue score (p = .103) in pumping groups.
After OL, the usage of breast pump is 66.07% (n = 37) in the high pressure group, 63.64% (n = 35) in the low pressure group, and 52.83%
(n = 28) in the control group (p = .324). There was no difference in the frequency of usage (2 times a day on average) among three groups.
Mothers in the low pressure group tended to adopt a lower suction pressure than those in the high pressure group. Unexpectedly, women in the control group adopted the highest suction pressure with a relatively broad variance, though statistical difference was not achieved among groups. Token BF/AF 1 (1.79) 4 (3.64) 6 (15.10) 1 versus 2: Z = −1.973, p = .049; 2 versus 3: Z = 1.318, p = .188; 1 versus 3: Z = −3.378, p = .001
Group: F = 9.096, p = .000; time: F = 0.523, p = .470; group * time: F = 0.886, p = .414
Note. Feeding methods was evaluated by frequency of breastfeeds and formula within a 24-hr period (breastfeeds frequency/(breastfeeds frequency + formula frequency) * 100%). H&H Lactation Scale evaluates mother's satisfaction in lactation.
PRL increment = PRL level after sucking − PRL level before sucking. AF = artificial feeding; BF = breastfeeding; EBF = exclusive breastfeeding; PRL = prolactin. Comparison of milk supply after adjusting the pumping pressure after onset of lactation.
b Covariance analysis after controlling for maternal age, maternal BMI gain, gestational age, and newborn birth weight. Covariates appearing in the model were evaluated at the following values: maternal age = 26.89, gestational week = 275.52, newborn birth weight = 3,466.28, and maternal BMI gain = 15.89. Newborn birth weight impacts the timing of onset of lactation (F = 7.56, p = .007) and PRL increment (F = 4.48, p = .036).
c Six cases with missing data imputation (group average and last observed response method), 2 (3.57%, 2/56) in high pressure group, 3 (5.45%, 3/55) in low pressure group, and 1(1.89%, 1/53) in control group. There was no statistical difference in the rate of dropout among three groups (χ 2 = 0.98, p = .61).
Physiologically, a higher pressure stimulation advances the timing of (1992) study, −180 mmHg was the level of normal infant suction, because this strength stimulation generated the same effect as that of infant suction on breast. It supports our outcome that a relatively strong suction strength within the range of normal infants' suction pressures is most effective in lactation promotion. Our prior observational study discovered that PRL level and milk supply varied with the level of infants' suction pressures.
Similarly, previous studies have considered the relationship between milk transfer and PRL level (Bruna, de Di Nasso, Soaje, Deis, & Caron, 2010) and the relationship between the suction pressure and milk consummation (Kron, Stein, & Goddard, 1966) . Hence, a higher pressure pumping on breasts may impact the PRL secretion and, in turn, the milk supply.
Another explanation of the effectiveness of suction pressure on the OL and milk supply might be that pumping intervention boosts mother's confidence in breastfeeding. Evidence supports the contention that maternal breastfeeding confidence is a predominant predictor of breastfeeding duration (Blyth et al., 2002) and pumping may exert a positive effect for mothers to control breastfeeding process and to quantify the milk supply. However, some mothers may show an overdependency on a pumping device (Buckley, 2009 ) and shorten their breastfeeding duration (Forster et al., 2015; Jiang et al., 2015) .
Accordingly, both physiological and psychological measures should be provided to encourage and sustain mother's breastfeeding efficacy and effectiveness. Prudent evaluation is required before application of pumping.
A higher than normal infant suction pressure stimulation does not generate additional benefit (Zinaman et al., 1992) . Inversely, an excessively high suction pressure (Perrella, Lai, & Geddes, 2015) (−233 ± 152 mmHg) may result in severe pain and nipple injuries.
McClellan, Kent, Hepworth, Hartmann, and Geddes (2015) reported that extremely high sucking strength (−237.7 ± 59.6 mmHg) leads to a lowered flow rate of milk transfer. It is for this reason why our target pressure was set at −150 mmHg, the normal vaginally delivered newborn suction strength, and why a higher pressure group was not included in our research.
In contrast, Chapman, Young, Ferris, and Perez-Escamilla (2001) reported that breast pumping at −100 mmHg was ineffective in promoting milk transfer after caesarean section, possibly due to sufficient stimulation of the breast. However, stronger stimulation (−150 mmHg) achieved a significant improvement in timing of the onset of lactation and increased daytime milk supply. Additionally, a delayed beginning (48th hr vs. 2nd hr after delivery) and infrequent (3 times/day vs. 6-7 times/day) use of the breast pump may be another cause of inconsistency amongst studies.
Suckling stimulation as early as possible is of vital importance for OL and milk supply. Evidence (Sakalidis, Kent, et al., 2013) supports the necessity of sufficient suction strength stimulation before OL, especially within the first 24 hr after delivery . For mother-infant separation, preterm infants, and babies with latch issues, breast pumping at effective suction pressure can be one option for mothers to promote their onset and maintenance of lactation. Effective breast stimulation as early as possible has become the consensus for successful breastfeeding (Morton, Hall, & Pessl, 2013) .
Besides the suction pressure, hand expression has been shown to increase milk production in mothers of preterm infants (Morton et al., 2009 ). Further research should focus on mechanism of lactation and effective stimuli.
No serious adverse events related to pumping interventions occurred. However, it should be noted that nipple pain and fatigue scores are slightly higher in the pumping groups. One participant decreased the suction pressure due to nipple pain in the high pressure group, and six women decreased the pumping frequency. Though a statistical difference was not achieved, we concluded that additional stimulation with a breast pump may aggravate nipple pain and maternal fatigue. Frequency of pumping after OL, Mdn (Q), number of sessions 2 (0-4) 2 (0-3) 2 (0-3) 1.82 .165
Note. Nipple pain score, Suction pressure, and frequency of pumping were compared by using their average data evaluated once a day within the hospitalization period. OL = onset of lactation.
Though a positive breastfeeding outcome was achieved when additional high pressure pumping was adopted, adverse effects of caesarean section are multi-factorial have long term consequences (Zinaman et al., 1992) . As the rate of caesarian section worldwide has increased to unprecedented levels, early support is necessary to mothers after caesarean section to promote their successful breastfeeding.
| Limitation
Unfortunately, the nonblind design was conducted. The control group did not carry out any behaviours to mimic the behavioural aspects of use of the pump. Though these mothers were required to hold the breast shields of the pump to the breast with no suction initially, most of them saw through the trick and refused such request. It may influence outcomes especially for those measured by mother's perception due to the Hawthorne effect. Mothers in the pumping group may be more proficient in controlling the breast pump and sucking more milk.
Additionally, only 8-hr daytime rather than 24-hr milk supply measurement was another limitation for this research. Because of the low participation rate (51.09%) and relatively high attrition (9.76%) in this study, the same effect may not be guaranteed in application.
| CONCLUSION
Pumping at normal infant suction pressure is effective to advance OL and milk supply among mothers giving birth by caesarean section.
Pumping enhances mothers' confidence in lactation. However, nursing staff should pay attention to maternal nipple pain and fatigue in application. It is imperative that mothers have access to appropriate pumping equipment with pressure screening and receive instructions on proper suction pressure to establish earlier OL and sufficient milk supply.
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